Changes in profiles of serum luteinizing hormone (LH), follicle stimulating hormone (FSH) and testosterone and in mating performance and ejaculate volume have been determined in Finnish Landrace (Finn)and Managra Synthetic (Line-M) rams during the ovine breeding season. In early August, mid-September, early November and mid-December four rams of each breed were bled by venipuncture from the jugular vein at 20-min intervals for two 8-hr periods. Rams were bled while in the absence (control period) and presence (mating period) of ewes in estradiol-induced estrus. An ejaculate was also collected from either five or six of the rams during these months. Aliquots of serum were assayed for LH, FSH and testosterone by radioimmunoassay. Testosterone concentrations in seminal plasma were also determined.
<50%). Pulses of LH were consistently followed by elevations in testosterone which peaked within 60 minutes. Progressive changes in the profiles of serum LH and testosterone occurred in rams of both breeds as the breeding season advanced. Peaks in LH became more frequent and decreased in height, and the number and height of the testosterone peaks increased. Serum FSH concentrations were highest in September.
Mating activity was associated with increases in the frequency of LH and testosterone peaks in August and September. The number of matings per 8 hr and ejaculate volume increased between early August and early November; both were highest in November when the level of serum testosterone was maximal. Mating performance and mean testosterone concentration (control period) were positively correlated within rams across months (r = .90, P<.01) and between rams only in August (r = .76, P<.05). Monthly changes in testosterone concentration in seminal plasma were moderate compared with those in serum. Direction changes in seminal plasma testosterone were similar to those in serum FSH. (Key Words: Seasonality, Gonadotropins, Testosterone, Libido.)
INTRODUCTION
Luteinizing hormone (LH) and testosterone are known to be secreted episodically in the ram (Katongole et al., 1974; Purvis et al., 1974; Sanford et al., 1974a; Falvo et al., 1975; Schanbacher and Ford, 1976) while in comparison the secretion of follicle stimulating hormone (FSH) is fairly constant (Foster, 1974; Sanford et al., 1976) . Changes in the mean levels of these hormones in systemic blood have been followed in rams throughout the year (Sanford et al., 1974b; Gomes and Joyce, 1975; 1976; Schanbacher and Lunstra, 1382 JOURNAL OF ANIMAL SCIENCE, Vol. 45, No. 6 (1977) 1976); further comparison of LH and testosterone concentrations between the nonbreeding (anestrual period) and fall breeding seasons reveals concurrent changes in the profiles of LH and testosterone secretion (Katongole et al., 1974; Sanford et al., 1974a; Schanbacher and Ford, 1976) . Recent reports indicate that seasonal changes in the secretion of LH and/or testosterone in rams are influenced by breed (Schanbacher and Lunstra, 1976) , age (Williams et al., 1976) and long-term exposure to estrual ewes (Illius et al., 1976) . Transient increases in serum LH, FSH and testosterone levels have also been observed in rams near the end of the breeding season (January) in response to frequent mating (Sanford et al., 1974c; Sanford et al., 1976) .
The present study was undertaken to determine 1) changes in the profiles of serum LH, FSH and testosterone in rams throughout the fall breeding season (early August through mid-December), 2) the influence of breed on these profile changes, 3) whether or not periods of frequent mating at various times during the breeding season are consistently associated with changes in serum hormone concentrations and 4) interrelationships between monthly changes in testosterone concentration and in mating activity and ejaculate volume.
MATERIALS AND METHODS
Animals and Experimental Plan. Four Finnish Landrace (Finn) and four Managra Synthetic (Line-M) rams from the flock at the University of Manitoba were used in this study. The Line-M breed was developed at the University from foundation stock composed initially of Devon Closewool (43%), Oxford (30%), Southdown (9%), Shropshire (8%), Minnesota 100 (6%) and Suffolk (4%) breeding. Rams ranged from 2 to 3 years of age and were maintained in sound breeding condition.
Rams were kept in a single pen located in an open-front, three-sided barn. On four separate occasions approximately 6 weeks apart (early August, mid-September, early November and mid-December) they were brought into an enclosed area of the barn and penned in pairs. Rams were allowed to adjust to these new surroundings for 16 to 24 hr and were then bled at 20-min intervals for an 8-hr period, starting at 0900 hours. One week following each of the nonmating (control) periods, rams were brought into the barn a second time and penned individually. After an adjustment period, an estrous-induced ewe was placed with each ram and blood sampling was begun (0900 hours); samples were collected every 20 min for 8 hours. Estrus was induced in intact ewes with three intramuscular injections of 1.5 mg estradioi-17/3 (in 1.0 ml ethanol) given 64, 40 and 16 hr prior to the onset of the mating periods. Different ewes were placed with the rams every 2 to 3 hr to maintain mating incentive and to minimize the effect that differences in ewe receptivity may have on mating activity. Ewes that would not stand quietly and permit the ram to mount were restrained in one corner of the pen. The mating performance of individual rams was determined by totalling the number of matings achieved in the 8-hr period.
Single ejaculates were collected with an artificial vagina from either five or six of the rams 1 week following the mating periods. Ejaculate volume was recorded and the semen centrifuged within 1 hr of collection. Seminal plasma was removed and stored at -20 C until assayed for testosterone.
Blood Collection. Blood was collected from the jugular vein by venipuncture using 7 ml vacutainer tubes and 21 gauge needles. Samples were immediately placed in ice and allowed to clot. They were centrifuged within 24 hr of collection and the serum was removed and stored at -20 C until assayed for LH, FSH and testosterone.
Hormone Assay. Serum LH concentrations were determined by a double-antibody radio ~ immunoassay (RIA) described previously (Howland, 1972) , except that antiovine LH serum was used at an initial dilution of 1:100,000. Measurements have been expressed in terms of ng NIH-LH-S14/ml. The minimum detectable LH concentration, defined as 95% of initial binding (B/B~ was .15 ng/ml serum. Sera collected from individual rams during all 8-hr periods were assayed in a single assay.
The concentration of FSH in sera was determined by a multispecies double-antibody RIA (Sanford et al., 1976) . Concentrations have been reported in terms of ng NIH-FSH-S6/ml. The minimum detectable level of FSH was 25 ng/ml serum. Sera collected from individual rams (two Finn and two Line-M) during the control periods were assayed in the same assay. Since neither breed nor month differences were evident in the pattern of FSH fluctuation in these rams, control sera from the remaining four rams were not assayed for FSH.
However, aliquots of the 24 serum samples obtained from individual rams during each 8-hr period were pooled and serum pools were then assayed in a single assay.
Sera and seminal plasma concentrations of testosterone were quantitated by methods reported previously (Sanford et al., 1974a) . The sensitivity of this assay was .4 ng/ml serum. Serum samples obtained from individual rams during the control and mating periods were assayed in four consecutive assays. The coefficient of interassay variance based on 25 replicate samples from a pooled serum standard with a mean of 3.22 ng/ml was +6.5%. Aliquots (.1 ml) of seminal plasma obtained from rams during the course of the study were assayed in a single assay; the coefficient of interassay variance was +6.8%. Recovery of testosterone-1,2,6,7-3H added to sera (n = 5) and seminal plasma (n = 5) samples was 98.2 + .6 and 97.6 -+ .7 percent, respectively, following extraction.
Statistical Considerations. This study was designed as a 2 • 4 x 2 factorial; various endocrine characteristics were assessed in four rams of each of two breeds during 4 months throughout a control and a mating period. Since the same animals were used during the eight periods this design consisted of one independent level (breed) and two correlated levels (month and period). Therefore, data collected on mean and baseline concentrations of hormone, number and peak concentration of elevations in hormone level, and mating activity were statistically analyzed using a mixed analysis-of-variance computer program (Becker and Chebib, 1969) . A considerable number of missing values precluded a meaningful analysis of the data on ejaculate volume and testosterone concentration in seminal plasma.
A peak was defined as the highest value associated with an obvious elevation in serum hormone concentration and was usually followed by two or more declining values. The mean of the lowest single values between peaks was taken to represent baseline concentration. These values were usually those immediately preceding an elevation.
The relationship between many of the concurrent monthly endocrine changes, and between the mean level of testosterone in rams during the control periods and their mating performance one week later was determined. A pooled within ram correlation and correlations among rams within months were calculated for each pair of variables considered (Steel and Torrie, 1960) . Within ram correlations for each comparison were tested for homogeneity prior to pooling and in all instances were found to be homogeneous.
RESULTS

Temporal Relationships Between Hormones.
Spontaneous, episodic elevations in the level of LH in serum occurred in all rams during each 8-hr period. In spite of marked monthly changes in the frequency and peak height of the LH pulses, each was consistently followed by a rapid increase in serum testosterone which peaked within 60 minutes. In comparison with LH, the level of FSH in serum was relatively stable; the moderate increases from baseline levels (usually <50%) which did occur were not consistently associated with LH peaks. These temporal relationships between elevations in LH, FSH and testosterone were observed in all rams and are illustrated in the hormone profiles presented in figure 1 for two representative animals.
Endocrine Profile Changes. Monthly changes
in the profile of serum LH occurred in rams of both breeds (table 1) . Between early August and early November the frequency of LH pulses increased substantially (month, significant P<.01), whereas the height of the LH peaks and the mean level of LH declined (month, significant P<.O1). In comparison with control periods, mating periods were at times associated
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Figure 1. Profiles of testosterone (a-a), LH (o--o)
and FSH (o--o) in systemic blood serum of two Finn rams during 8-hr control periods throughout the fall breeding season. Animals were bled by venipuncture from the jugular vein at 20-min intervals, starting at 0900 hours. eMonth, treatment, month X treatment and breed X month X treatment, significant (P<.05 or P<.01), pooled SE +-.5. with changes in the mean level of LH and in the frequency and height of the LH peaks. The direction and extent of these changes varied with month (month X treatment, significant P<.05). In addition, variations in the mean level and peak height due to month and mating were not always similar in rams of the two breeds (breed • month x treatment, significant P<.05). Control baseline levels of LH increased gradually between early August and midDecember and were elevated above control levels during the August mating period (month x treatment, significant P<.01); however, these changes were noted only in the Finn rams (breed • month • treatment, significant P<.05).
In contrast to LH, monthly changes in the pattern of FSH fluctuation (i.e. peak frequences and height) in serum were not evident either in the Finn (n = 2, figure 1) or the Line-M (n = 2, data not shown) rams. However, mean levels of FSH were consistently higher in Finn rams than in Line-M rams (breed, significant P<.05, table 2) and varied with month in all animals (month, significant P<.01). The extent of the monthly changes differed between rams of the two breeds (breed x month, significant P<.01). Mating activity was not associated with pronounced changes in serum FSH concentration.
Progressive changes in the profile of serum testosterone occurred in rams as the breeding season advanced (table 3) ; marked increases in mean and baseline levels of testosterone and in the height and frequency of the testosterone elevations occurred in rams of both breeds between early August and early November (month, significant P<.01). By mid-December these trends were reversed. Mating periods early in the breeding season were associated with higher mean serum levels of testosterone and more frequent testosterone elevations (month • treatment, significant P<.01)in comparison with comparable control periods. Testosterone Certain characteristics of the endocrine changes that occurred in rams during the control periods of the breeding season were highly correlated (table 4). Significant (P<.O1) and inverse relationships were noted between the mean level of serum testosterone and both the mean level of LH and LH-peak height across figure 2 ). Rams averaged (+SE) 21.5 + 1.5 matings (n = 8) ~ 10 in 8 hr in November compared with 7.6 + 1.6 matings (n = 8) in August, and mating activity ~ 0 remained high in December. Mating performance was similar for rams of both breeds throughout the study, although one of the Line-M rams would not mate during the first ~ 1.2 two test periods. A significant (P<.01) and positive relationship was observed between mat-~ 0,8-ing and serum testosterone concentration (con-~ . trol periods) in rams (n = 7) across months o 0.4-(table 4). These two variables were significandy "6 (P<.05) correlated among rams (n = 7) in ~ 0,0 August.
,,, The volume of the ejaculates collected from rams increased between early August and early November (figure 2). Volume averaged (+SE) 1.03 -+ .14 ml (n=6) in November in comparison with .72 + .09 ml (n=5) in August. The high volumes in November coincided with maximal levels of serum testosterone.
Testosterone in Serum and Seminal Plasma.
Monthly changes in the concentration of testosterone in seminal plasma were moderate compared with those in serum (figure 3). In August, testosterone concentration in seminal plasma averaged (-+SE) 4.91 + .99 ng/ml (n = 5); this was slightly higher than the concentration in serum which was 3.30 -+ .43 ng/ml. By midSeptember serum testosterone had increased approximately 250%, while levels in seminal plasma had increased only 50%. In spite of a further marked rise in serum testosterone between mid-September and early November, testosterone in seminal plasma declined to a level comparable to that observed in August. Although monthly directional changes in seminal plasma testosterone were at times dissimilar to those in serum, they consistently corresponded to variations in the mean level of serum FSH.
Discussion
The present study confirms early reports which indicate that LH is released episodically in the ram (Katongole et al., 1974; Sanford et al., 1974a; Falvo et al., 1975; Schanbacher and Ford, 1976) . Furthermore, these data demonstrate that there are pronounced variations in the profile of serum LH between early August and early November, a time when daylength in Southern Manitoba Oat. 49~ long. 97~ is decreasing from 14.5 to 9.5 hr of daylight per 24 hours. This period was characterized by pronounced increases in the frequency and decreases in the peak height of the pulsatile elevations in serum LH concentration. Comparable changes in the secretory pattern of LH were observed previously when two rams were bled at frequent intervals in August and again in January (Sanford et al., 1974a) . Katongole et al. (1974) and Schanbacher and Ford (1976) have also reported an increase in the frequency of LH peaks in rams during the breeding season in comparison with the nonbreeding season; however, changes in peak height were not detected.
Seasonal variations in the pattern of LH release in the ram are thought to reflect alterations in hypothalamic-hypophyseal function brought about primarily by changes in photoperiod. An abrupt change from long (16 hr light:8 hr dark) to short (8 hr light:16 hr dark) daylengths has been shown by Lincoln (1976) to trigger marked increases in the frequency and height of LH releases in rams within 1 month. Although the frequency of peaks remained high, there was an eventual decline in peak height in spite of continued short days. Mean levels of plasma LH are known to vary in a similar fashion in both castrate and intact rams when animals are subjected to 6-month "annual" light cycles (Petletier and Ortavant, 1975a) . Although LH concentrations were three to four times higher in castrate rams, decreasing photoperiod was associated with a marked elevation in LH followed by a gradual decline in concentration in both groups. Changes in the profile of serum LH observed in rams in the present study are in accord with these findings.
Elevations in circulating testosterone levels with advancement of the breeding season may have been responsible in part for some of the concurrent LH-profile changes (i.e., decreases in peak height and mean level) in rams. Treatment of rams with testosterone has been shown to depress LH release via negative feedback inhibition; this is thought to be due to changes in both gonadotropin-releasing hormone (GnRH) secretion (Pelletier, 1970) and the responsiveness of the hypophysis to endogenous GnRH (Galloway et al., 1974; Pelletier, 1974; Galloway and Pelletier, 1975) . Testosterone-mediated LH changes may have occurred in this study in spite of reported reductions in the sensitivity of the hypothalamic-hypophyseal axis of rams to testosterone during short days (Pelletier and Ortavant, 1975b) .
Mean testosterone concentrations in rams increased four-to sixfold between early August and early November, then declined slightly by mid-December; this seasonal trend is in general agreement with previous studies (Johnson et al., 1973; Katongole et al., 1974; Sanford et al., 1974b; Schanbacher and Lunstra, 1976) . The consistent temporal relationship between the occurrence of LH and testosterone peaks, and the high correlation (r = .95, P<~.O1)between the frequency of LH peaks and the mean level of testosterone in rams across months suggests that increases in testosterone during the early part of the breeding season were brought about largely by increases in the frequency of LH release. In addition, the testis appeared to have become more responsive to LH during this time since progressively smaller pulses were followed by increasingly larger elevations (above baseline levels) in serum testosterone concentration. Therefore, increased testicular steroidogenic activity in rams in November and December may have been due to changes in both LH-peak frequency and testicular responsiveness to LH.
Results of the present study confirm that hour-to-hour fluctuations in the systemic blood level of FSH in the ram are moderate and unrelated to the occurrence of LH pulses (Foster, 1974; Hopkinson et al., 1974; Sanford et al., 1976) . Seasonal changes in serum FSH were unrelated to concurrent variations in the mean level of LH and testosterone.
Certain of the endocrine characteristics investigated were found to differ with breed. Concentrations of FSH and the height of the testosterone peaks were consistently greater in Finn rams than in Line-M rams. Other characteristics such as mean levels of LH and testosterone and LH-peak height appeared to vary between breeds during only certain months of this study. In an earlier experiment, we could not detect differences in serum LH, FSH or testosterone concentrations between mature Suffolk, Line-M and Finn rams in May (Sanford et al., 1975) . Although Schanbacher and Lunstra (1976) found that mean testosterone concentrations were generally higher in Finn rams than in Suffolk rams throughout the year, a significant breed difference was demonstrable only in January. These data taken together indicate that detection of breed differences in serum levels of these reproductive hormones is dependent upon the season of the year in which rams are bled and the particular hormonal characteristic (i.e., mean level, peak height, etc.) being considered.
Irrespective of whether or not rams are allowed regular periods of copulation, blood levels of testosterone decline between midwinter and early spring (Katongole et al., 1974; Purvis et al., 1974) . Thus, behavioral mechanisms are not capable of overriding the seasonal control(s) of endocrine function. However, a period of repeated mating late in the breeding season has been shown to elevate temporarily serum levels of FSH (Sanford et al., 1976) , LH and testosterone (Sanford et al., 1974c) in Finn rams. In the present study, mating activity early in the breeding season (August and September) was associated with an increase in the frequency of LH pulses and higher mean serum testosterone levels. Serum FSH was not consistently influenced by mating, although slight increases were noted in Finn rams in August. It appears that the hypophysis may be capable of responding in a positive way to the neuroendocrine stimuli associated with mating only when the frequency of spontaneous LH pulses and/or the level of circulating testosterone are comparatively low. The significance of these endocrine changes in response to mating remains to be determined.
Mating performances of Finn and Line-M rams were comparable during the months of this study. Land (1970) has reported that mating behavior of sexually active Finn and Scottish Blackface rams is similar. Monthly changes in mating activity were strongly related to concurrent changes in serum testosterone concentration (r = .90, P<.01). Similarly, in a year-long study, Schanbacher and Lunstra (1976) found a good correlation (r = .59) between seasonal changes in testosterone concentration and mating activity of rams. These data suggest that improvements in mating performance during the breeding season may have been due in part to increases in testosterone secretion. It may be argued that increased mating activity was primarily the result of desirable changes in other season variables such as receptivity of ewes (Raeside and McDonald, 1959; Fletcher and Lindsay, 1971 ) and ambient temperature (Lindsay, 1969) . Admittedly, ewe receptivity in response to estrogen treatment was less favorable in August in comparison with other months in that some ewes would not always stand quietly and allow the ram to mount. However, since immobilization of ewes seems to be the critical stimulus which elicits the ram's sexual response (Signoret, 1975) , and since in the present study ewes were restrained when not in a strong standing estrus, the influence of monthly differences in ewe receptivity on mating performance was considered to be minimal.
A significant relationship was noted between mating performance and serum testosterone concentration (r = .76, P<.05) for rams in August. The relationship diminished with time as circulating testosterone levels rose, which is not surprising in view of the observation by Knight (1973) and Mattner and Braden (1975) that libido of sexually active rams is not improved with testosterone propionate treatment. The fact that a ram's mating performance is more closely related to serum testosterone levels early in the breeding season indicates that concentrations may be below a minimum threshold level required to maintain maximal mating activity, while the higher levels of testosterone later on in the season exceed the threshold level. Therefore, as in the male rat (Davidson, 1972 (Davidson, , 1975 ) a wide safety margin in the endocrine control of libido probably exists in the ram.
Between early August and early November the volume of the ejaculates collected from rams increased. Increases in ejaculate volume have been reported for rams during both the early part of the natural mating season (Cupps et al., 1960) and artificially-induced periods of decreasing daylength (Jackson and Williams, 1973) . Coincident changes in serum testosterone concentration and ejaculate volume in the present study support the contention that androgen modulates the volume of an ejaculate (Moule et al., 1966) .
Seasonal changes in the concentration of testosterone in seminal plasma tended to correspond to concurrent changes in the serum level of FSH rather than testosterone. This is of interest in view of recent studies (reviewed by Hansson et al., 1975) which have revealed that an androgen-binding protein (ABP) is synthesized by the Sertoli cell under the direct influence of FSH; and that the rate of ABP production, which is proportional to the circulating level of FSH, modulates in part the amount of androgen which is transported through the efferent ducts and into the epididymis. Perhaps the elevated blood level of FSH in rams in September resulted in an increase in the production of ABP and therefore a greater accumulation of testosterone in the fluids of the ejaculate. This may account for the higher concentration of testosterone in semen at this time and the subsequent decline in November in spite of a marked increase in the systemic blood level of this hormone.
In conclusion, the present study revealed the following reproductive endocrine changes in the ram as the fall breeding season progressed: 1) episodic LH releases gradually increased in frequency but decreased in peak height, while pulsatile elevations in serum testosterone concentration increased both in frequency and peak height, 2) a transient increase in FSH secretion occurred, 3) the positive influence of mating on LH and testosterone secretion diminished, and 4) there were concurrent increases in mating performance, ejaculate volume and serum testosterone concentration. In addition, the concentration of testosterone in seminal plasma varied with month and in the same direction as changes in serum FSH concentration. Further studies must be conducted before the cause and significance of these changes can be appreciated fully.
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